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1
GROOVE WIDTH TRIMMING

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to the field of flow channels
and to the field of forming microminiature structures in
an etchable substrate material. In particular, it relates to
the formation of grooves in an etchable substrate mate-
rial, the grooves being capped to form a flow channel.

2. Prior art

As shown 1n cross-section in FIG. 1A, a flow channel
can be made by etching a groove 103 (often V-shaped)
in a substrate material 101 (typically silicon) and cover-
ing that groove with a flat plate 102 (typically glass or
silicon). Often, a plurality of such grooves 103 are con-
structed in parallel to form a flow restrictor. A cross-
sectional view of such a flow restrictor is shown in FIG.
1B and a top view is shown in FIG. 1C. The top view
shows clearly the restriction of flow from the chamber
104 through the grooves 103.

A covered V-shaped groove forms a flow channel
with a triangular cross-sectional shape. Flow through
such a triangular channel is a function of the fourth
power of the effective diameter of the groove. The
effective diameter is approximately equal to the diame-
ter of the largest circle that can be inscribed within the
triangular cross-section of the channel. Since the flow is
so sensitive to the magnitude of the effective diameter,
small changes in the width 105 of the groove result in
large differences in flow rate through the groove for a
given pressure drop. Thus, it is important to be able to
manufacture grooves so that the width of the groove
has a small tolerance.

The shape of a V-groove etched in silicon is deter-
mined by the orientation of the crystal planes in the
silicon. It might seem, then, that the magnitude of the
width of the groove is set by the crystal planes, thus
enabling easy repeatability in the manufacture of
grooves of a given width and tolerance. In practice,
however, the width of a V-groove is dependent on
many parameters such as lithography and mask toler-
ances, orientation of the silicon material, undercutting
of the etch mask, and anisotropy of the silicon etchants.
The combination of these variables can account for
errors of up to approximately 5% (between 1 and 5
micrometers depending on the size of the V-groove) in
the width of a groove.

Medical infusion devices are a typical application for
the flow restrictor channels described above. A com-
mercially useful flow rate for such devices is about 0.5
ml/hr. This flow rate is produced by, for example, a
flow restrictor channel with a width of 23 micrometers,
a length of 200 micrometers, and a differential pressure
of 7.5 psi. A change of 1 micrometer (4.3%) in groove
width, as may easily result due to the factors discussed
above, results in a flow change of about 17%, greater
than can be tolerated in a commercial device. A varia-
tion of +=5% in flow rate is desirable for these devices.
In order to stay within this flow rate tolerance, the
width of the groove needs to be controlled to within
+1.2% (approximately =£0.28 micrometers for a
groove width of 23 micrometers).

The ability to control the width of a groove to a
maximum error of 0.28 micrometers is very difficult
using current methods. In particular, it is difficult to
purchase silicon wafers with a flat which is aligned with
sufficient accuracy to the 110 crystal direction along

10

15

20

25

30

35

40

45

30

33

65

2

which the V-grooves will be aligned. For a given etch
time, wafers having flats which are misaligned by more
than 0.2° will yield significant increases in groove width
during the anisotropic silicon etch as compared to wa-
fers with perfectly aligned flats.

Thus, there is a need for the ability to form grooves in
a substrate material with greater accuracy than is cur-
rently possible. In particular, it 1s desirable to be able to
adjust the width of the groove after it has initially been
formed by etching.

SUMMARY OF THE INVENTION

In accordance with the invention, a method is de-
scribed for forming a groove in an etchable substrate
material. The groove may have any cross-sectional
shape. The groove 1s formed initially by conventionally
etching the substrate material. The groove width is then
measured. The measured groove width is compared to
the desired groove width. Oxide is grown on the sub-
strate in the region of the groove; the amount (thick-
ness) of oxide grown is determined based on the com-
parison of the initial groove width to the desired groove
width. The oxide may or may not be grown with the
original etchant mask left on the substrate. Depending
on whether it is desired to increase or decrease the
groove width, the oxide may or may not be removed. If
the mask is left on while growing the oxide, it is typi-
cally removed after the groove is adjusted to the desired
width, though this may not be necessary. The processes
described make it possible to make reproducible
grooves with a low groove width tolerance.

The process for increasing or decreasing (‘‘trim-
ming”) groove width may be repeated any number of
times as desired or as necessary to achieve a proper
groove width. A plurality of grooves may be formed
using these processes. For many applications, the
groove 1s covered with a plate or other type of cap to
form a channel as used in flow restrictors.

Further i accordance with the invention, a method is
described for trimming groove width after a groove
formed in a substrate has been covered with a plate or
other type of cap to form a channel. The flow through
the channel is measured and compared to the desired
flow. Oxide 1s grown on the groove walls and the sur-
face of the cap facing the groove. The amount of oxide
grown 1s determined based on the comparison of the
measured flow to the desired flow. The oxide growth
decreases the effective diameter of the channel. De-
pending on whether it is desired to increase or decrease
the flow through the channel, the oxide may be etched
away or not. This method makes it possible to make
reproducible grooves with a low groove width toler-
ance when it may be difficult or inconvenient to accu-
rately measure the width of the groove.

The mvention is particularly useful for making flow
restrictors having highly reproducible widths in silicon.

BRIEF DESCRIPTION OF THE DRAWINGS

F1G. 1A 1s a cross-sectional view of a prior art flow
channel formed by covering a groove in a substrate
material with a plate.

FIG. 1B 1s a cross-sectional view of a prior art flow
restrictor device with a plurality of flow channels as
shown in FIG. 1A.

FI1G. 1C 1s a top view of the prior art flow restrictor
device of FIG. 1B in which the cover plate has been
removed.
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FIGS. 2A-2C show a series of cross-sectional views
that illustrate a process for increasing the width of a
V-shaped groove in a substrate material according to
one embodiment of the invention.

FIGS. 3A-3D show a series of cross-sectional views
that illustrate a process for increasing the width of a
V-shaped groove in a substrate material according to
another embodiment of the invention.

FIGS. 4A-4C show a series of cross-sectional views
that illustrate a process for increasing the width of a
V-shaped groove in a substrate material according to
another embodiment of the invention.

FIGS. SA-5C show a series of cross-sectional views
that illustrate a process for increasing the width of a
U-shaped groove in a substrate material according to
one embodiment of the invention.

FIGS. 6A-6C show a series of cross-sectional views
that illustrate a process for increasing the width of a
rectangular-shaped groove in a substrate material ac-
cording to one embodiment of the invention.

FIGS. 7TA-7C show a series of cross-sectional views
that illustrate a process for decreasing the width of a
V-shaped groove in a substrate material according to
one embodiment of the invention.

FIGS. 8A-8C show a series of cross-sectional views
that illustrate a process for decreasing or increasing the
cross-sectional area of a channel formed by a V-shaped
groove in a substrate material and a plate or cap accord-
ing to an embodiment of the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIGS. 2A-2C show a series of cross-sectional views
that 1llustrate a process for increasing the width of a
V-shaped groove 208 in a substrate material 210 accord-
ing to one embodiment of the invention. The groove
205 1s initially formed by masking and etching the prin-
cipal surface 201q of a substrate material 210, as is well
known in the art, to produce a V-shaped groove 205 as
shown in FIG. 2A. The groove side walls 201) are
formed at an angle e to the surface of the substrate and
the groove 205 has a width W. The groove 205 is made
such that, even with worst-case processing conditions,
the groove width W) is narrower than the width that is
ultimately desired. After etching, the groove width is
measured using a conventional line width measuring
instrument. This measurement is used to determine how
much the groove 205 is to be widened.

Depending on how much the groove 205 is to be

widened, a certain thickness Z of substrate material 210
i1s oxidized as shown in FIG. 2B. If, for instance, the
. substrate material 210 is silicon, this oxidation may
occur by conventionally subjecting the silicon to a ther-
mal oxidation in which the exposed surface 201 is con-
verted to silicon dioxide at high temperatures in the
presence of oxygen or water vapor. Oxidation of a layer
of silicon with thickness Z will result in an oxidized
layer with a somewhat greater thickness O as shown in
FIG. 2B, such that the thickness Z is about 44.3% of the
thickness O. Consequently, surface 202 of the silicon
dioxide is raised as compared to the original surface 201
of the silicon. For oxidations of 1 hour at 1100° C.,
approximately 0.64 micrometers of oxide is grown, and
the thickness of the oxide grown on the principal sur-
face 201a of the substrate 210 is within approximately
3% of the thickness of the oxide grown on the groove
side walls 2015. As shown in FIG. 2C, when the silicon
dioxide 1s conventionally removed using an etchant
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(such as hydrofluoric acid), the resultant silicon surface
203 1s lowered as compared to the onginal surface 201.
Since the groove side walls 2015 are relatively steep,
the width of the groove 205 will be increased when the
oxidized silicon is removed.

The amount by which the groove 205 is widened is

given by the set of equations below, the pertinent vari-
ables of which are illustrated in FIG. 2C.

A = Z/tan8 (1)
B = Z/sin@ (2)
X=B—~A=2"(1/5sin@ — 1/tanB) 3)
W= W)+ 2X = W + [2Z * (1/sinf — 1/tanb)] {4)

As can be seen in FIG. 2C, the original groove width
W has been increased by a distance X on both sides of
the groove 205 to create a new groove width Wj. (Note
that the bottom of the groove 205 also gets deeper, but
this change is relatively insignificant since the bottom of
the groove 20§ contributes very little to the magnitude
of the flow.) For ©=154.7° (the angle of the groove side
walls formed by anistropically etching silicon), the
groove 205 width thickness increase (2X) is equal to
1.034Z. If, as noted above, the thickness Z is 44.3% of
the oxide thickness O, then the groove width increase is
about 45.8% of the oxide thickness. Since it is conve-
nient to grow oxides between approximately 0.5 and 1.0
micrometers, the groove width can be easily increased
by between 0.2 and 0.5 micrometers.

The process described above may be repeated any
number of times in order to achieve a particular groove
width. However, it is desirable that the number of itera- .
tions be minimized so as to make the groove width
trimming process more efficient. In practice, this is
made easter to do by the fact that oxides can be grown
over a wide range of thicknesses. Since the groove
width increase is about half the oxide thickness, this
wide range of possible groove width increases allows a
wide range of groove widths to be reached from a par-
ticuiar starting groove width, increasing the likelihood
that only one groove width trim process will be neces-
sary in order to achieve the desired groove width.

FIGS. 3A-3D show a series of cross-sectional views
that illustrate a process for increasing the width of a
V-shaped groove 305 in a substrate material 310 accord-
ing to another embodiment of the invention. In this
embodiment, the mask 304 used in the initial groove
etch 1s one which inhibits the growth of oxide on sur-
faces that it covers, e.g., a nitride mask. Nitride masks
conventionally are often used with silicon substrates
due to their high resistance to anisotropic silicon etch-
ants, especially KOH in water. After the silicon etch to
form the groove 305, the mask 304 is typically undercut
a small amount, as shown in FIG. 3A, due to the mis-
alignment of the groove 305 with respect to the exact
110 silicon crystallographic direction and due to the
small etch rate of 111 crystal planes by the anisotropic
etchant. Though, because of the undercutting, the
width of the groove 305 is partially hidden by the mask
304, 1t 1s possible to measure the width W of the groove
305 with conventional line width measuring instruments
while the mask 304 is still in place.

After the width W; of the groove 305 is measured,
oxide is grown on the substrate 310 while the mask 304
1s still in place as shown in FIG. 3B. Since the mask 304
prevents oxidation of the substrate surface 301g under
the mask 304, the oxide only grows on the groove walls
3015. The oxide growth within the groove 305 creates a
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new surface 302 raised above the former groove surface
301. The oxidation uses up a thickness Z of substrate
material and creates a layer of oxidized substrate of
thickness 0.

After oxidation, the oxide is conventionally removed
with an etchant (for example, hydrofluoric acid when
the substrate 310 is silicon) as shown in FIG. 3C, expos-
ing a silicon surface 303 that is lowered relative to the
original silicon surface 301. Finally, the mask 304 is
removed with an etchant (for example, a heated phos-
phoric acid mixture when a nitride mask is used) as
shown in FIG. 3D. The remaining groove 305 in the
substrate 310 is wider due to the removal of substrate
material from the original groove surface 301. The
amount by which the groove 305 is widened is given by
the set of equations below, the pertinent variables of
which are illustrated in FIG. 3C.

X=2Z/sin© (3)

W= W+2X= W+ 2Z/5in© (6)

As shown in the figure, the new width W is larger
than the initial width W; by an amount 2X. For
©=>54.7", the groove width increase (2X) is equal to
2.447Z. If, as noted above, the thickness Z is 44.39; of
the oxide thickness O, then the groove width increase is
about 108% of the oxide thickness. This groove width
Increase 1s about 2.36 times as large as the increase asso-
ciated with the total oxidation process of FIGS. 2A-2C.
Thus, this technique can be used to widen grooves
much more than that process. However, since the
groove width increase is much more sensitive to
changes in the oxide thickness 0, control of the groove
width increase is somewhat more difficult.

The groove width increase given above is actually an
idealized increase. In practice, the groove width (as
measured at the top surface 301z of the groove) in-
creases by an amount somewhat different than the quan-
tity 2X due to a two-dimensional interaction of the
oxidation process under the mask 304. This effect is a
variation of the well known *“bird’s beak” phenomenon
encountered in integrated circuit processing. Due to
this effect, the groove wall 303 does not have a per-
fectly sharp intersection with the original substrate
surface 301. The actual shape of the intersection be-
tween groove wall 303 and original substrate surface
301 1s approximately as shown by one of the two dashed
hnes 305a, 3056 1n FIG. 3D. As a practical matter, this
phenomenon has little effect on the flow rate and so is
not of concern for that reason. However, the presence
of this feature may adversely effect the measurement of
groove width, causing inaccuracy in subsequent groove
width trims.

FIGS. 4A-4C show a sernies of cross-sectional views
that illustrate a process for increasing the width of a
V-shaped groove 405 in a substrate material 410 accord-
ing to another embodiment of the invention. As in the
process illustrated in FIGS. 3A-3D, the mask 404 is left
on the principal surface 401a of the substrate 410 after
the original groove etch. In this embodiment, however,
the mask 404 i1s made of an oxide of the substrate mate-
nal 410. FIG. 4A shows a cross-sectional view of the
groove 4035 after the initial etch of the substrate material
410.

After the groove width W, is measured, with the
mask 404 still in place, oxide is grown on the substrate
surface 401 as shown in FIG. 4B. Here, unlike the pro-
cess illustrated in FIGS. 3A-3C, both the substrate
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principal surface 401¢ under the mask 404 and the
groove side wall surface 4015 are oxidized. However,
due to the presence of the mask 404, the groove side
wall surface 401H is oxidized more rapidly than the
principal surface 401a of the substrate underlying the
oxide mask 404. Since the groove width increase is a
function of both the thickness O; of the oxide grown on
the groove side wall surface 4015 and the thickness
0,-03 of the oxide grown on the principal surface 401g,
it is necessary to quantify the relationship between the
two thicknesses O; and O;-O3 in order to accurately
increase the groove width W;.

Generally, oxide growth is described by the well
known Deal and Grove model for silicon oxidation as
described in the Journal of Applied Physics, vol. 36
(1965) at page 3770, which disclosure is incorporated
herein by reference. The equation describing this model
18,

24 Az=B%t+71) (7)
where z represents the oxide thickness, A and B are the
so-called linear and parabolic rate constants, t is time
and 7 is the time displacement that accounts for the
presence of an initial oxide layer.

Equation (7) is used to solve for the time displace-
ment 7 assoclated with the oxide thickness O3 of mask
404. Once the time displacement 7 is known, Equation
(7) can be used to determine the oxide thickness 03-O3
that 1s grown on the substrate principal surface 401a for
a given time t. The oxide thickness O that is grown on
the groove side wall surface 40154 for time t is also deter-
mined from Equation (7).

The groove width increase is a function of the thick-
nesses Zi and Z; shown in FIG. 4B. The thicknesses Z1
and Z; are, as noted above, approximately 44.3% of the
thicknesses O; and O;- O3 respectively, so that the
groove width increase is a function of the thicknesses O,
and O»-O3. Thus, the groove width increase is con-
trolled by appropriately adjusting the length of time t
that oxide is grown so as to achieve the desired thick-
nesses O7 and O0,-0;.

After the oxide is grown, an etchant is used to remove
the oxide material as shown in FIG. 4C. The resultant
substrate surface 403 is lowered as compared to the
original surface 401. The width of the groove 405 is
increased from Wj to Ws.

The process described with respect to FIGS. 4A-4D
has an advantage over the process illustrated in FIGS.
3A-3D in that both the mask and the oxide may be
removed in the same step, thus eliminating a step as
compared to the process of those figures. |

FIGS. 2-4 describe a groove having a V-shaped
cross-section. However, grooves with other cross-sec-
tional shapes can be formed with the processes illus-
trated by those figures. FIGS. SA-5C show a series of
cross-sectional views that illustrate a process for in-
creasing the width of a U-shaped groove 505 in a sub-
strate material 510 according to the same process as
shown in FIG. 2. Surfaces designated as 501, 502 and
503 in FIGS. 5A-5C are analogous to surfaces 201, 202
and 203, respectively, in FIGS. 2A-2C. Though the
width of a U-shaped groove 505 may be widened as
shown in the figure, the shape of the groove 505 makes
calculation of the groove width increase problematic.

Therefore, the process is less desirable for use with
U-shaped grooves.
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FIGS. 6A-6C show a series of cross-sectional views
that illustrate a process for increasing the width of a
rectangular-shaped groove 605 in a substrate material
610 according to the same process as shown in FIG. 2.
Surfaces designated as 601, 602 and 603 in FIGS.
6A-6C are analogous to surfaces 201, 202 and 203, re-
spectively, in FIGS. 2A-2C. For grooves with this
cross-sectional shape, the calculation of the groove
width increase is much more straightforward. The
groove width increases by an amount equal to twice the
thickness Z of substrate material that is oxidized during
the oxidation step. Alternatively, if, as mentioned
above, the thickness Z is about 44.3% of the thickness 0
of the oxide grown on the substrate, then the groove
width increase will be equal to 88.6% of the oxide thick-
ness 0.

All of the processes described above involve the
changing of groove width by increasing the width of
the groove. FIGS. TA-7C show a series of cross-sec-
tional views that illustrate a process for decreasing the
width of a V-shaped groove 705 in a substrate material
710 according to another embodiment of the invention.
This process 1s similar in its initial steps to that shown in
FI1G. 3. A groove 705 is initially formed by masking and
etching the surface 701 of a substrate material 710 as
shown in FIG. 7A. However, rather than etching away

the oxide layer after it is grown as shown in FIG. 7B,

that layer i1s left on the substrate so that surface 702
forms the interior of the groove 705. After growth of
the oxide layer, the mask 704 is etched away as shown
in FIG. 7C. The newly formed groove 705 has a width
W3 smaller than the original width W;. The amount by
which the groove width is decreased is given by the set

of equations below, the pertinent variables of which are
illustrated in FIG. 7C.

X=(0—-2)/sinB (8)

Wy=W)—2X=W|—2(0—2)/sinO &)

As shown in the figure, the new width W, is less than
the initial width Wby an amount 2X. For ©=54.7°, the
groove width thickness decrease (2X) is equal to
2.44(0-Z). If the thickness Z is 44.3% of the oxide
thickness O, then the groove width thickness decrease is
about 136% of the oxide thickness.

Although the groove width decreasing process
shown in FIG. 7 is similar to that of FIG. 3, processes
analogous to those of both FIGS. 2 and 4 could also be
used to decrease the groove width. The advantages and
disadvantages of each approach for decreasing the
groove width are the same as for the analogous groove
width increasing processes shown in FIGS. 2 through 4.
Further, the groove width decreasing processes could
also be used for grooves with U-shaped or rectangular
Cross-sections.

All of the processes described above involve the
changing of the width of a groove before the capping of
the groove to form a channel. FIGS. 8A-8C show a
series of cross-sectional views that illustrate a process
for changing the cross-sectional area, and thus the flow
rate, of a channel after a V-shaped groove formed in a
substrate has been capped. A groove 805 is formed in a
substrate 810 conventionally by masking and etching.
The masking layer (not shown) is then etched away. A
plate 806 of any suitable thickness is bonded to the
substrate 810. The plate 806 and substrate 810 may both
be, for instance, silicon, and may be bonded by, for
instance, so-called fusion or direct wafer bonding, a
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technique for bonding two silicon wafers together at
high temperatures, as is well known in the art.

Typically, access holes (not shown) are provided
through the substrate 810 or plate 806 to allow the flow
through the channel to be measured. The fluid flow is
measured and compared to the desired rate. Oxide is
grown on the interior surface 801 of the channel, i.e., on
the underside 801a of the plate 806 and on the groove
stde walls 8015. The oxide may be grown in, for exam-
ple, a high temperature oxidizing ambient. If the chan-
nel is initially purged of inert gas by, for example, vac-
uum pumping and backfilling with oxygen, the con-
sumption of oxygen during the oxidation process will
draw in more oxygen through the access holes to the
channel, resulting in substantially the same oxide thick-
ness 0 on the interior surface 801 of the channel as on
the exterior of the substrate 810 or the plate 806, thus
enabling good control of the oxide growth on the sur-
face 801. (The oxide grown on the exterior surfaces is
not shown in FIGS. §A-8C.) |

The growth of the oxide results in a new interior
surface 802 such that the cross-sectional area of the
channel is reduced. The growth of the oxide consumes
a thickness Z of silicon equal to about 44% of the oxide
thickness O. Depending on whether it is desired to
increase or decrease the flow rate through the channel,
the oxide is removed or left. The oxide may be removed
by flowing an oxide etchant, such as a hydrofluoric acid
mixture, through the channel. If the oxide is removed, a
new interior surface 803 is formed such that the cross-
sectional area of the channel is increased. After growth
and, if desired, removal of oxide, the flow through the
channel 1s re-measured. Further oxidation growth and-
/or removal is performed until the desired channel flow
rate 1s achieved.

The above descriptions are with respect to the forma-
tion of one groove. However, it is to be understood that
the processes described above are equally applicable to
the formation of a plurality of grooves in a substrate
material and, in fact, it is anticipated that this will be the
usual case. Formation of a plurality of grooves may be
done either by forming grooves simultaneously or by
forming sets of grooves sequentially. The former ap-
proach may be desirable where the application requires
a number of different sizes for various grooves. The
latter approach may be desirable where the application
requires that each groove be of the same width.

Each of the processes described above may be re-
peated as many times as desirable in order to achieve a
desired groove width. After the initial groove etch,
successive sets of groove width measurement (directly
or indirectly) followed by either a groove width in-
crease or decrease would be performed.

Various embodiments of the invention have been
described above. The descriptions are intended to be
illustrative, not limitative. Thus, it will be apparent to
one skilled in the art that certain modifications may be
made to the invention as described without departing
from the scope of the claims set out below.

I claim:

1. A method for forming a groove in a substrate,
comprising: |

forming a groove in the substrate extending from a

principal surface of the substrate;

measuring a width of the groove; and
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then oxidizing an exposed portion of a surface-of the
substrate in the groove to a predetermined thick-
ness.
2. A method as in claim 1, wherein the step of form-
ing further comprises:
providing a masking material on the principal surface
of the substrate, the masking material defining an
opening at a location at which the groove is to be
formed; and
applying an etchant to the opening, thereby forming
a groove.
3. A method as in claim 2 further comprising remov-
ing the masking material from the principal surface of
the substrate prior to the step of oxidizing.

d

10

4. A method as in claim 3 further comprising remov- 5

ing at least part of the oxidized portion.

3. A method as in claim 4 wherein the steps of mea-
suring and oxidizing are performed a plurality of times
until a predetermined width of the groove is measured.

6. A method as in claim § wherein a plurality of
grooves are formed.

7. A method as in claim 6 further comprising mount-
ing a plate to the principal surface of the substrate
thereby covering the groove and defining a channel.

8. A method as in claim 1 wherein the groove is V-
shaped in cross-section.

9. A method as in claim 1 wherein the groove is U-
shaped in cross-section.

10. A method as in claim 1 wherein the groove is
rectangular-shaped in cross-section.

11. A method as in claim 1 wherein a plurality of
grooves are formed.

12. A method as in claim 1 further comprising oxidiz-
ing the principal surface in the vicinity of the groove
after performing the measuring step.

13. A method as in claim 2 further comprising remov-
ing at least part of the oxidized portion.

14. A method as in claim 2 wherein the masking mate-
rial 1s a nitride, and wherein after the etchant is applied
the nitride mask overhangs the edges of the groove.

13. A method as in claim 2 wherein the masking mate-
rial 1s an oxide of the substrate material.

16. A method for forming a groove in a substrate,
comprising:

forming a groove in the substrate extending from a

principal surface of the substrate;

measuring a width of the groove;

then oxidizing an exposed portion of a surface of the

substrate 1n the groove to a predetermined thick-
ness; and

mounting a plate to the principal surface of the sub-

strate thereby covering the groove and defining a
channel.

17. A method for forming a groove in a substrate,
comprising:

forming a groove in the substrate extending from a

principal surface of the substrate;

measuring a width of the groove;

then oxidizing an exposed portion of a surface of the

substrate in the groove to a predetermined thick-
ness; and

removing at least part of the oxidized portion.

18. A method as in claim 17 wherein the steps of
measuring and oxidizing are performed a plurality of
times until a predetermined width of the groove is mea-
sured. |
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19. A method as m claim 17 further comprising
mounting a plate to the principal surface of the substrate
thereby covering the groove and defining a channel.

20. A method for forming a groove in a substrate,
comprising: |

providing a masking material on the principal surface
of the substrate, the masking material having an
opening defining a location at which the groove is
to be formed;:

applying an etchant to the opening, thereby forming
a groove;

measuring a width of the groove;

then oxidizing an exposed portion of a surface of the
substrate in the groove to a predetermined thick-
ness; and

removing the masking material from the principal
surface of the substrate. |

21. A method for forming a groove in a substrate,
comprising:

providing a masking material on the principal surface
of the substrate, the masking material defining an
opening at a location at which the groove is to be
formed;

applying an etchant to the opening, thereby forming
a groove;

measuring a width of the groove;

then oxidizing an exposed portion of a surface of the
substrate in the groove to a predetermined thick-
ness;

removing at least part of the oxidized portion; and

removing the masking material from the principal
surface of the substrate.

22. A method as in claim 21 further comprising
mounting a plate to the principal surface of the sub-
strate, thereby covering the groove and defining a chan-
nel.

23. A method for forming a flow channel device,
comprising:

forming a groove in a substrate;

capping the groove to form a channel:

measuring a first flow rate of a fluid passing through
the channel:

oxidizing a portion of interior surfaces of the channel;
and

measuring a second flow rate of the fluid passing
through the channel.

24. A method as in claim 23 further comprising re-
moving the oxidized portions of the interior surfaces of
the channel.

235. A method as in claim 24 wherein either the step of
oxidizing or the step of removing is performed a plural-
ity of times until a predetermined flow rate is achieved.

26. A method as in claim 23 wherein a plurality of
channels are formed.

27. A flow channel device comprising:

a substrate including a groove formed in a principal
surface of the substrate, an oxide layer of the sub-
strate material being formed on at least one wall of
the groove; and

a plate covering the principal surface of the substrate,
thereby defining a channel, the channel having at
least two ports, each communicating external to
the channel.

28. A flow channel device as in claim 27 having a

plurality of grooves formed in the principal surface of
the substrate to form a plurality of channels, each chan-

nel having at least two ports to communicate with
points external to the channel.
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_ _ | _ 31. A flow channel device as in claim 27 wherein the
29. A flow channel device as in claim 27 wherein the groove has a U-shaped cross-section.
32. A flow channel device as in claim 27 wherein a
first port is formed at a first end of the groove and a

30. A flow channel device as in claim 27 wherein the 2 5‘30011'{1 port is formed at a second end of the groove
opposite the first end.

groove has a rectangular-shaped cross-section. * * % ¥ X

groove has a V-shaped cross-section.

15

20

25

30

335

45

30

35

65



	Front Page
	Drawings
	Specification
	Claims

